Introduction
Leaves of the oak tree Quercus robur L. were studied recently in detail concerning their epicutic ular waxes. Their chemical composition and their surface structure were analyzed during an entire vegetation period in two successive years. They show significant variations during leaf development and also upon ecological influences [1, 2] . Only the abaxial leaf side shows stomata and glandular trichomes. The glands are obviously filled with an essential oil. In the following we report on the com position of the product obtained by steam distilla tion of Quercus robur leaves.
A first investigation of the "essential oil" of oak leaves was reported by Palma-Fleming and Kepner, 1983 [3] for Quercus agrifolia.The oil consisted of large amounts of hexenal, some hexenols, derivates thereof and nonanal. Methylsalicylate, eugenol, the monoterpenes linalool and a-terpineol, and two se squiterpenes were detected in low concentrations [3] . Further studies about the leaf oil of Quercus dentata are reported by Kameoka et al., 1983 [4] ; column using a Varian 3700 (splitless injection, 230°, 1 :2 0 ), carrier gas helium ( 
Electron m icroscopy
Fresh and air-dried leaves were prepared by sput tering with gold using an Emscope sputter counter and examined under a Hitachi S-405A scanning electron microscope at 25 kV [2],
Results

Oak leaf surface structure
Only the lower (abaxial) side of Q. robur leaves shows numerous glandular trichomes as long stretched tubes with an ovally formed basis. The basis of the glands is covered with waxy crystalloids in form of platelets, which occur also on the upper leaf surfaces and on the stomata (Fig. 1 A, 1 B) . In summer and autumn the waxy crystalloids on the leaf surface close to the top of the glandular tricho mes seem to be melted away as shown in the SEM figures (Fig. 1 C, 1 D) [2] . To our interpretation this phenomenon is caused by the essential oil that dis solves the epicuticular wax crystalloids after it has been released from the glandular tubes. The glands are of unicellular cuticular material and covered with waxes. When these were washed off with chloroform, the glandular trichomes remained un changed in their form (Fig. 1 E,1 F) 
Oil obtained by steam distillation
The entire fresh leaves of Q. robur were treated by a hydrodistillation for 6 h resulting in a volatile fraction of 0.025% fresh leaves. This oil was ana lyzed by GC and GC-MS. Identification of com pounds is based on comparison of their mass spec tra with those of authentic samples in combination with retention indices on a polar and an apolar col umn and comparison with mass spectra reported in the literature. The indices found match well with the data published by Jennings [11] . For identification the SeKoMS Library (Search Kovats Indices and Mass Spectra) was used which was established for the study of essential oil of Cedronella species [12, 13] .
The volatile components identified in Q. robur leaf oil are listed in Table I including 
Discussion
The presence of glandular trichomes on the lower leaf surface of Quercus robur is an indication that essential oil components are synthesized and accu mulated. As in many other plants with essential oil containing trichomes the glands are localized in the abaxial leaf epidermis. The occurrence of an essen tial oil is confirmed by the identification of a series of terpenoid compounds in the leaf oil which are typical for essential oils.
155 substances were identified in the product ob tained by steam distillation; this is considerably more than described for Q. agrifolia [3] or Q. dentata [4] . Especially numerous mono-, sesqui-and diterpenes accounting for ca. 25% were identified; these compounds very likely stem from the content of the glandular trichomes on the abaxial leaf sur face. Others such as the C-13 compounds (*47, *48, *49, *50) are rare essential oil components; they have been reported in the volatiles of grape juices, wines and brandies [17] [18] [19] [20] [21] . Geranylacetone, the With the data presented here the volatile fraction of the leaves of Q. robur represents one of the best characterized and most extensively studied leaf oils of woody trees.
